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the distribution of time and frequency depending upon the 
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METHOD AND APPARATUS FOR frequency and a reference time to a plurality of high defi- 

DISTRIBUTING A GLOBALLY ACCURATE nition television (HDTV) studios such that the studios can 

KNOWLEDGE OF TIME AND FREQUENCY then use the reference frequency and time to lock their studio 

TO A PLURALITY OF A HIGH DEFINITION components to a global frequency and time reference. The 

TELEVISION STUDIOS 5 invention includes various embodiments for facilitating the 

distribution of time and frequency depending upon the type 

CROSS REFERENCE TO RELATED of digital network that is used for distributing the television 

APPLICATION signals within a studio components within a studio. The first 

This application claims benefit of U.S. Provisional Patent embodiment is useful in a system that uses a synchronous 

AppUcation Ser. No. 60/077,717, filed Mar. 12, 1998, which 1° opti^al network (SONET) for distributing television signals 

is hereby incorporated by reference. *o ^ plurality of studio components within a sUidio. This 

-Die invention relates to systems that distribute time emMiment extracts a reference frequency si^^^ 

information to multiple remote locations and, more SONET signals such that all the components in the studio 

particularly, the invention relates to a method and apparatus L^'lf'^ '^"'PP"^ "^'t '^ embodiment can be locked to the 

for distributing a time and frequency information to multiple ^'^^ ^^'^ ?^ ^^^nal distribution, 

remotely located high definition television studios. 1^°^ overhead bytes can be used to 

distnbute a global sense ot tune of day information to the 

BACKGROUND OF THE DISCLOSURE studio components. 

A modern television studio contains a plurality of studio ^^^^^^ embodiment of the invention is a second method 

components that must be accurately time synchronized to '° apparatus for distributmg a global sense of time of day 

facUitate switching between television signals produced by ^formation to multiple components within a studio. In this 

various sources within the studio. In a conventional KTSC embodunent, the program clock reference within an MPEG 

system, the timing reference for both analog and digital transport stream is used for the distnbution of time of day 

signals within the studio are based on the notion of "system information to vanous studios and then: studio components, 

genlocks", in which all studio components are locked to a Smce MPEG transport streams are tised in all forms of 

studio reference via a dedicated timing reference cable. As digital television mformation distribution, this embodiment 

such, each and every component of an NTSC studio has a ^ ^^^ET and non-SONET based distribution 

signaling cable as well as a genlock timing reference cable systems. 

connected to it. Within a genlock system, frames of video The last embodiment of the invention uses the internet 

information are moved synchronously between components, engineering task force and network time protocol for distri- 

The genlock signal is instrumental in ensuring that frame bution of time of day information to the studios and their 

synchronization is maintained between all the components respective components, 
of a studio. However, in a situation where data is passed 

between components using compressed digital formats, such BRIEF DESCRIPTION OF THE DRAWINGS 

as is used in high definition television (HDTV) broadcast teachings of the present invention can be readily 

studio, the genlock system is meffective at maintaining understood by considering the following detailed descrip- 

synchromzation between components with respect to the conjunction with the accompanying drawings, in 

compressed digital signals. which' r ^ o o- 

In a HDTV studio, the various components within the 40 1 depicts a digital television distribution system 

studio are physicaUy comiected to each other through a ^ased upon a SONET network; 

central switch called a studio data router. This router is ^ . .„ . ^ , . . 

responsible for processing not only the video bitstreams that ^ depicts an illustration of a HDTV television studio; 

are coupled to the studio, but also to provide command and F^G. 3 depicts a block diagram of apparatus for extracting 

control services to the studio and any other services that are 45 ^ reference frequency from a SONET signal for a studio 

required by the studio. The low-level transport for data component; 

within the smdio is asynchronous transfer mode (ATM) FIG. 4 depicts a block diagram of an apparatus for 

which is well suited for providing multiple data streams to extracting a time of day signal from a SONET signal for a 

a single point. Heretofore, there has not been developed a studio component; 

timing and frequency distribution system that would be 53 piG. 5 depicts a SONET STS-1 frame; 

equivalent to the system genlock of an NTSC studio for a k /\^r.;^t. ^ cn^jtrr ctc 11, 1 ^ 

TT7^T-i/ J* o- .J- i_ J . ' I, I^tO. 6 depicts a SONET STS-1 synchronous payload 

HDTV studio. Smce many studios share data and informa- envelooe' ^ f j 

tion through satellite communications and cable communi- ' 

cation systems, it would be advantageous to have a global ^^^^""^ ^ ^^^^^ diagram of an apparatus for 

sense of time to be distributed not only to components within 55 extractmg time of day information from an MPEG compb- 

the studio, but also to all studios within a network such that bitstream; and 

retiming of signals at any studio location is not necessary FIG. 8 depicts a block diagram for extracting time of day 

prior to broadcast. information from the internet engineering task force network 

Therefore, a need exists in the art for a method and protocol, 

apparatus for distributing a global sense of time (and 60 facilitate understanding, identical reference numerals 

frequency) to a plurality of studios such that the studios can have been used, where possible, to designate identical 

naturally time lock all of the studio components to the global elements that are common to the figures. 



time reference. 

SUMMARY OF THE INVENTION 



DETAILED DESCRIPTION 



65 FIG. 1 depicts a block diagram of a digital television 
The disadvantages associated with the prior art are over- signal distribution system 100 that distributes digital tele- 
come by a method and apparatus for distributing a reference vision signals amongst a plurality of digital television stu- 
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dios 11 6o, 116i, II62, - . . , 116„ (hereinafter referred to to the same time of day information and frequency reference 

collectively as 11 6). A portion 101 of one of the studios II60 to facilitate processing and switching between MPEG 

is depicted to illustrate one technique for distributing a streams without concem for local synchronization of the 

globai sense of time amongst a plurality of studios. signals. Consequently, if each studio restamps the PGR 

The digital television signal processed by a digital tele- 5 fields of any programming that is being transmitted to 

vision studio 116 generally complies with the moving pic- another studio in the manner described above (i.e., using a 

tures expert group (MPEG) specification (ISO/IEC 13818). global sense of time such as that provided by GPS), then all 

The signal is supplied a bitstream source 102 from a high the studios will synchronously process the information, 

definition television (HDTV) or digital television (DTV) FIG. 2 depicts a block diagram of an illustrative digital 

studio 116. The bitstream source 102 generally takes the television studio 116. The studio has at its core, a studio data 

digital television signal from a plurality of remote sources router 200 that couples data from any one component of the 

such as from a satellite television network, cable television studio to any other component within the studio. The studio 

network or local sources such as a tape drive or DVD player, components 204 include encoders, program servers for 

or a camera producing a digital bitstream directly from the supplying programming from a digital disk array, 

studio or sporting event and the like. The signal or signals ^5 transcoders, video format converters, productions switches, 

are processed within the studio and then may be transmitted auxiliary data sources, a high definition television 

to other studios, i.e., a digital network feed. transmitter, video tape sources and recorders, digital televi- 

The bitstream source 102 processes those source streams sion monitors and the like. Within these components is also 

to produce one or more MPEG compliant bitstreams that are a network interface device 202 that couples the studio data 

coupled to a PGR stamper 108. The program clock reference 20 router 200 to the SONET wide area network 114. Both the 

(PGR) field within each data packet in an MPEG compliant studio router 200 and the SONET wide area network 114 

bitstream is a 42 bit field composed of a program clock receive a common clock. Although SONET is illustratively 

reference base of 33 bits and a program clock reference used to distribute the digital television signals across a cable 

extension of 9 bits. The program clock reference base is in network, any other cable network that use a common fre- 

units of V^ooth of a system clock cycle, i.e., Vpo.ooo of a 25 quency reference and that is capable of carrying MPEG 

second. Thus, the PGR is able to run for 2^^xV9o.ooo of a transport streams would also suffice. The router 200 extracts 

second, approximately 1.1 days before wrap around occurs. time of day and frequency reference information from the 

PGR stamper 108 is coupled to a stable frequency refer- network signals. The time of day and frequency reference 
cnce 109 such as a global positioning system (GPS) receiver information is then provided to the remaining studio com- 
106, SONET interface 112 or some other frequency refer- 30 ponents 204. Alternatively, each studio component may have 
ence 118. The OR gate 120 enables any one of these circuitry that extracts the time of day and frequency refer- 
frequency sources to be coupled to the PGR stamper 108. ence information. In that instance, the router couples the 
PGR stamper 108 is also coupled to a stable time of day time of day information and frequency information to the 
reference 111 such as a GPS receiver 106, Network Time components without performing any extraction within the 
Protocol Server 122 (discussed below with reference to FIG. 35 router. The apparatus for extracting this information either 
8) or some other time of day reference 124. Of course, an locally within the components or within the router is dis- 
actual implementation of a studio may contain only one cussed below in reference to FIGS. 3-8. 
frequency and time of day reference. For example, to More specifically, a studio router 200 performs stream 
restamp a global sense of time into the PCRs of an MPEG splicing and switching such that various sources of digital 
bitstream, the GPS receiver 106 receives a global time 40 television signals can be combined and spliced together for 
reference through its antenna from the well-known satellite broadcast. Gonsequently, the spUcing and switching pro- 
based GPS system. The time reference information (GMT cesses require that the digital information be synchronously 
time of day) from the GPS receiver is coupled through the provided to the router 200 such that splicing wUl not produce 
OR gate 120 to the PGR stamper 108. The PGR stamper 108 any visible artifacts when the video stream is decoded within 
restamps the PGR fields within each of the MPEG compliant 45 a viewer's television set. To ensure this synchronicity, a 
bitstreams such that all the bitstreams contain the time of day component 204 (any one of the studio components locally or 
generated by the GPS receiver (or any other time of day the router itself) extracts time of day information and 
reference). As such, aU of the restamped bitstreams carry the frequency infonnation from the network signal such that all 
synchronous time of day signals. The bitstreams having the of the components within the studio can be locked to the 
restamped PGR fields are coupled to a transport stream 50 same time of day and frequency information. Similarly all 
generator 110 which organizes (multiplexes) the various other studios (116 in FIG. 1) connected to the network are 
MPEG compliant bitstreams into a transport stream that is also locked to the same frequency and time of day such that 
also MPEG compliant. The transport stream is then coupled any information coupled between the studios is also locked 
from the transport stream generator 110 to a synchronous to the same frequency and time of day source, 
optical network (SONET) interface 112. The SONET inter- 55 FIG. 3 depicts a block diagram of reference frequency 
face couples the transport stream to a SONET network such generation circuitry 308 (reference clock generator) that is a 
that the stream is distributed to one or more HDTV studios portion of a studio component 204 that required a frequency 
116^, 11 62, 11 63, . . . 116„ (collectively 116) that will in turn reference. The frequency generator 308 comprises a SONET 
broadcast the television program or programs that are car- interface 300, a clock extractor 302, a phase lock loop (PLL) 
ried by the U-ansport stream. The SONET interface generates so 304 and a local oscillator 306. In lieu of (or in addition to) 
the SONET signals using a firequency reference of Nx5l.84 a SONET-based reference, the circuiUy 308 also has input 
MHz such that aU SONET signals within the SONET ports that couple to other frequency reference sources such 
network carry the same frequency reference. For example, as GPS 106 or some other source 118. All the sources 300, 
the OG-12 signal is 12x51.84 MHz. 106, or 118 are coupled through an OR gate 310 to the clock 

The present invention ensures that the studios 116 receive 65 extractor 302. The SONET interface 300 directly attaches to 

a common frequency reference as well as common time of and receives input from a SONET-based router (200 in FIG. 

day information such that all of the studios 116 are bcked 2). The clock extractor 302 extracts the frequency informa- 
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tion from the SONET signal. All other information (e.g., the path overhead 602 (used between path terminating 

digital data) carried by SONET would be processed by the equipment). Within the section, line and path overhead bytes 

studio component and is output from the interface 300 on is a provision within the SONET protocol to pass user data, 

path 312. The free running SONET clock is defined as Specifically the following fields are available for use with 

nx51.84 MHz+/-20 ppm (where n is an integer value). For 5 user data: 
delivery of 300 Mbps (mezzanine) compressed MPEG 
bitstream, an OC-12 interface of 622.08 MHz would be 

used. From the 622.08 MHz clock signal, a phase lock loop 

304 uses the SONET clock signal as a reference signal and ^ ^^^[|°° u^''*'^ 

locks the local oscUlator (27 MHz) to the reference signal, di-D3 section Data Com 

The 27 MHz local oscillator is based on the MPEG system D4-D12 line Data Com 

level reference clock as described in the MPEG-2 specifi- E2 line Ordcrwirc 

cation. The system clock is required to be 27 MHz+/-810 Hz ^ User channel 

at the rate of frequency change the time of no more than 

75x10-^ Hz per second. The system clock (27 MHz) is ^5 The present invention uses these SONET user data fields 

related to the SONET clock (51.84 MHz) in a ratio of system for accurate conveyance of time of day to studio compo- 

clock times 25 divided by 48. The 27 MHz reference system nenls, FIG. 4 depicts a block diagram of components that are 

clock is then distributed to the studio component that used for extracting time of day information from the user 

contains the circuitry 308. data fields of a SONET signal carried by the path or line 

In accordance with the present invention, the first embodi- 20 overhead bytes. The embodiment of the invention depicted 
ment to convey a global sense of time of day requires each in FIG. 4 forms a portion of a network interface device 
studio component have a GPS receiver 106 to provide TOD within a studio component that requires synchronous time of 
and optionally its own reference clock generator 308 that is day information. The device 202 comprises a SONET inter- 
coupled to a commonly distributed 51.84 Mhz SONET clock face 300 for interfacing with the SONET network and 
reference, or some other frequency reference 118 through 25 extracting information on the SONET network that is 
which multiple studio components can be frequency locked addressed to a particular studio component. The path or line 
to one another. As such, each component generates its own overhead bytes extractor 400 removes user data information 
local reference signal that may or may not be the 27 MHz from the transport overhead portion of the STS-1 frame 
system clock. As such, the PIX 304 has an "other** output structure. The user data contains encoded time of day 
that represents that the PLL304 may be locked to a different 30 information. The time of day (TOD) computer 402 converts 
local oscillator or may derive multiple frequencies for a the user data into a local time of day for use by the studio, 
given component where each of these frequencies is locked As such, the studio component receives a local time of day 
to the SONET clock signal. that is synchronized to a global time of day. The user data 

FIG. 4 depicts a block diagram of a second embodiment can include the time of day in an encoded format so that it 

of the present invention that generates and distributes a 35 does not require a significant number of bits to encode and 

global sense of time of day within a studio using either the transmit. 

path or line overhead bytes within the SONET signal struc- Recognizing that the time of day services are provided by 
ture. SONET provides a digital multiplex format for the the router 200 at FIG. 2, and that the router is directly 
wide bandwidth of optical fiber cable. The SONET hierar- connected to all smdio components (possibly with a repeater 
chy provides a basic signal of 51.840 Mbps per second and 40 between those components), it is expected that the most 
a byte interleaved multiplex scheme that results in a family appropriate user data are those at the line overhead layer, i.e., 
of digital rates and formats defined as a rate of N times either line Data Com or line Orderwire. 
51.840 Mbps per second. The basic signal has a portion of FIG. 7 depicts a block diagram of a third embodiment of 
its capacity dedicated to overhead, and the remaining por- the invention wherein the program clock reference (PGR) of 
tion carries payload. The basic modular signal within 45 an MPEG compliant transport stream is used to transmit a 
SONET is called STS-1 with 51,840 Mbps per second data global sense of time to various studio components. This 
rate. The STS-1 optical counterpart is called OC-1 (OC is technique does not rely upon any of the SONET protocol 
optical carrier) and its rate is directly converted from STS-1 feahires such that any information distribution network can 
after frame synchronous scrambling. be used for distributing the MPEG compliant transport 
The STS-1 frame structure is depicted in FIG. 5, The 50 streams within the studio. So long as an MPEG compliant 
frame structure 500 contains 90 columns and 9 rows of 8 bit bitstream carrying a restamped PGR is available, the inven- 
bytes for a total of 810 bytes. With a frame length of 125 tion extracts the time of day information from the PGR field, 
microseconds (derived from 8000 frames/second), STS-1 The invention is incorporated into a network interface 
has a bit rate of 51.84 Mbps. The first three columns 502 are device of any studio component 204 requiring synchronous 
the transport overhead information that contains overhead 55 time of day information. The value of the PGR is assumed 
bytes of sections and line layers. Of the 27 bytes in the to have been exactly zero at 00:00.0 GMT on Jan. 1, 1970 
transport overhead, 9 bytes are used for section overhead and have been incremented continually since that time. 
506 {used between line terminating equipment to section Thus, every MPEG compliant bitstream contains periodi- 
terminating equipment and between section terminating cally distributed PGR fields within the data packets to 
equipment) and 18 bytes are used for line overhead 508 60 maintain TOD and timing synchronization of the decoded 
(used between line terminating equipment). The remaining video and audio signals. The invention contains an MPEG 
bytes within the STS-1 frame form the pay load capacity 504. stream selector 700, a PGR extractor 702, and a TOD 
Within the STS-1 payload capacity 504 floats a synchronous computer 704. Assuming that all of the PGR fields have been 
payload envelope (SPE) 600, depicted in FIG. 6. The start restamped with a GPS time of day signal in a manner such 
location of the SPE is pointed to by pointer fields in the line 65 as that discussed with reference to FIG. 1, the MPEG stream 
overhead (fields HI and H2) and may span two STS-1 selector 700 selects the appropriate stream within the trans- 
frames. The SPE 600 contains a column of overhead called port stream structure for use by the studio components. The 
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selected stream is further processed by the PGR extractor 
702 to extract the program clock reference field information. 
The PGR field is a 42 bit field composed of a program clock 
reference base of 33 bits and a program clock reference 
extension of 9 bits. The extractor 702 couples the PGR field 5 
data to the TOD computer 704 wherein a time of day is 
computed from the PGR field data. 

Video events, such as switching from one stream to 
another, occur on boundaries that are expressible as values 
of the system time. Every switchable unit (splice point or 
segment) has a duration that is a multiple of 30 Hz, 29.97 Hz 
or 24 Hz, For example, assume that at the start of some 
sequence the system clock is 0 and that two short clips are 
to be played one after the other. The first clip is a movie cHp 
at 24 Hz that contains 240 frames or 270,000,000 ticks of the 15 
system clock. At its conclusion the system clock would be 
at 270,000,000. If this were followed by a 90 frame clip of 
29.97 Hz video that is 81,810,00 ticks of the system clock, 
the system time at the end of both sequences will have 
advanced 351,810,00. In fact, the granularity of all video 20 
segments and concatenated video segments is an integral 
number of thousands of system clocks ticks. 

Whenever start and stop times are specified in the studio 
which do not correspond to an exact frame boundary, the 
next frame boundary after the specified time is used, e.g., if 
the intention were to start the evening news at 6:00 PM 
Tuesday, and the translation of 6:00 PM to system clock 
count came out to be 123,456,789,012 and if the previous 
stream was a 30 Hz stream with splice points every 900,000 
ticks, then the first slice point past that time must be between 
123,456,790,000 and 123,547,000,000. The exact value 
would depend on the PGR value that corresponds to frame 
boundary for the 30 Hz stream where a splice point is 
located. 

The invention distributes a global sense of time to ensure 
that splicing and switching from stream to stream occurs 
exactly at the appropriate time from studio component to 
studio component. Such global time distribution is instru- 
mental in creating a system wide synchronized timing 
arrangement. 

The fourth and last embodiment of the invention for 
distributing time within a HDTV studio obtains the time of 
day by using the Internet Engineering Task Force (IETF) 
Network Time Protocol (NTP) protocol as shown in FIG. 8. 45 
This protocol makes use of NTP chent protocol entities 
(NTP client 804) running on the participating studio com- 
ponents which exchange time of day messages with an NTP 
server 122 to adjust their internal clocks to maintain an 
accurate measurement of time of day. As such, a local sense 50 
of lime, such as provided by a GPS receiver 106, can be 
formatted by the NTP server 122 and routed to the studio 
components NTP through an NTP network router 806. The 
router 806 may distribute the NTP signals via any form of 
network, SONET, ETHERNET or other type. Details of the 55 
NTP protocol may be found in IETF Request for Comments 
(RFC) 1305, Mills, D., "Network Time Protocol (Version 3) 
Specification Implementation and Analysis", RFG 1305, 
1992. 

Although various embodiments which incorporate the 60 
teachings of the present invention have been shown and 
described in detail herein, those skilled in the art can readily 
devise many other varied embodiments that still incorporate 
these teachings. 

What is claimed is: 65 
1. Apparatus for distributing a global sense of time to a 
plurality of remote HDTV studios comprising: 
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a time of day information processor for inserting time of 

day information into a digital signal that is transmitted 

to a plurality of HDTV studios; 
a time of day extractor for extracting the time of day 

information from the digital signal; and 
a time of day distributor for distributing the time of day 

to at least one component within each HDTV studio. 

2. The apparatus of claim 1 wherein said time of day 
information processor is a PGR restamper that encodes time 
of day information in a PGR field of an MPEG compliant 
bitstream. 

3. The apparatus of claim 2 wherein the time of day 
extraaor comprises: 

an MPEG stream selector; 

a PGR field information extractor; and 

a time of day computer. 

4. The apparatus of claim 1 wherein said signal is dis- 
tributed to the HDTV studios using SONET and said time of 
day information processor comprises: 

means for inserting time of day information into an 
overhead bytes of a SONET signal. 

5. The apparatus of claim 1 wherein said time of day 
extractor further comprises: 

a SONET interface; 

an overhead byte extractor; 

a time of day computer. 

6. The apparattis of claim 1 wherein said overhead bytes 
are either the path overhead byte or the line overhead byte. 

7. The apparatus of claim 4 further comprising a fre- 
quency extractor for extracting frequency information from 
a SONET signal. 

8. The apparatus of claim 7 wherein said frequency 
extractor comprises: 

a SONET interface; 
a clock extractor; and 

a phase lock loop for locking an HDTV studio clock to a 
SONET clock reference. 

9. The apparatus of claim 1 wherein said time of day 
distributor is a data router 

10. The apparatus of claim 1 wherein said time of day 
information processor is a Network Time Protocol server 
and said time of day extractor is an Network Time Protocol 
client. 

11. A method for distributing a global sense of time to a 
plurality of remote HDTV studios comprising the steps of; 

inserting time of day information into a signal that is 
transmitted to a plurality of HDTV studios; 

extracting the time of day information from the signal; 
and 

distributing the time of day to a plurality of components 
within each HDTV studio. 

12. The method of claim 11 wherein said inserting step 
encodes time of day information in a PGR field of an MPEG 
compliant bitstream. 

13. The method of claim 12 wherein said extracting step 
comprises the steps of: 

selecting an MPEG stream; 

extracting the PGR field information; and 

computing from the PGR field information a time of day. 

14. The method of claim 11 wherein said signal is 
distributed to the HDTV studios using SONET and said 
inserting step comprises the step of: 

inserting time of day information into an overhead bytes 
of a SONET signal. 
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15. The method of claim 11 wherein said time of day 
extracting step further comprises the steps of: 

extracting an overhead byte from the SONET signal; 
computing a time of day from the overhead byte. 

16. The method of claim 11 wherein said overhead bytes ^ 
are either the path overhead byte or the line overhead byte, 

17. The method of claim 14 further comprising the step of 
extracting frequency information from a SONET signal. 

18. The method of claim 17 wherein said frequency 
extracting step comprises the steps of: 

extracting a clock signal; 

phase locking an HDTV studio clock to a SONET clock 
reference. 

19. The method of claim 11 wherein said inserting step 15 
encodes time of day information using the Network Time 
Protocol. 
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20. The method of claim 11 wherein said inserting step 
encodes time of day information using a GPS signal, 

21. A method of distributing a reference frequency to a 
plurality of studio components in a plurality of HDTV 
studios an HDTV studio comprising the steps of: 

extracting frequency reference; and 

phase locking an HDTV studio component clock signal to 
said frequency reference in each of said plurality of 
HDTV studios. 

22. The method of claim 21 wherein said frequency 
reference is carried by a SONET clock reference signal. 

23. The method of claim 21 wherein said frequency 
reference is carried by a GPS signal. 

4t )|c )(c If >|e 
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